Introduction
The Shewanella Federation is a multi-investigator and cross-institutional consortium formed to characterize and model the biology of the metabolically versatile bacterium Shewanella oneidensis MR-1. This federation brings together the diversity of scientific expertise necessary to understand the biology of a microorganism at a wholesystem level. Information gathered from these systems-level investigations is aimed at modeling cellular networks to construct a computation model, predicting the biology of S.
oneidensis MR-1 in general and its metabolic and metal-reduction capabilities in particular. The Shewanella Federation is one of the leading consortia within the DOE's Genomes-To-Life (GTL) Initiative.
As an integral part of the Shewanella Federation, our project focused primarily on analysis of different types of data produced by global high-throughput technologies, data integration of gene annotation, and gene and protein expression information, as well as on getting a better functional annotation of Shewanella genes. Specifically, four of our numerous major activities and achievements include the development of:
1. New statistical models for identification and expression proteomics, superior to currently available approaches (including our own earlier ones); 2. New approaches to improve gene annotations on the whole-organism scale; 3. New standards for annotation, transcriptomics and proteomics approaches; Other advancements in proteomics analysis led to the development of our logistic identification of peptide sequences (LIPS) models for identifying peptides (Higdon et al 2004) . These are statistically valid, customizable, and easy-to-use models for identifying peptides in high-throughput proteomics experiments. We have enhanced the use of randomized database searches to estimate false discovery rates for peptide and protein identifications . This approach has led to experiment-specific estimates of peptide identification probabilities to be used as thresholds for identification, and as a basis for estimating the false discovery rate for protein identification.
Improving Genome Annotation
One the most novel and significant achievements of this project was the collaborative integrative multi-institutional study to annotate hypothetical genes, led by our lab and published in PNAS (Kolker et al 2005) . Similar to most other sequenced organisms, approximately 40% of the predicted ORFs in the S. oneidensis genome were annotated as uncharacterized hypothetical genes. We implemented an original integrative approach by using experimental and computational analyses to provide more detailed insight into gene function. Transcriptomic and proteomic analyses confidently identified 538 hypothetical genes as expressed in S. oneidensis cells both as mRNAs and proteins (33% of all predicted hypothetical proteins). Publicly available analysis tools as well as databases and the expression data were applied to improve the annotation of these genes.
The annotation results were scored by using a unique seven-category schema that ranked both confidence and precision of the functional assignment. We were able to identify homologs for nearly all of these hypothetical proteins (97%), but could confidently assign exact biochemical functions for only 16 proteins (category 1; 3%).
Altogether, computational and experimental evidence provided functional assignments or insights for 240 more genes (categories 2-5; 45%). These functional annotations advance our understanding of genes involved in vital cellular processes, including energy conversion, ion transport, secondary metabolism, and signal transduction. We showed that this integrative approach offers a valuable means to undertake the enormous challenge of characterizing the rapidly growing number of hypothetical proteins with each newly sequenced genome.
New standards
All the above advancements were possible due to new standards developed for annotation, transcriptomics and proteomics approaches. New standards include both computational and experimental work, and were described in detail in 8 manuscripts, including the two most recently published in Nature Biotechnology (Nos. 24 and 25). Our work on the proteomics standards is currently supported by the NIH grant.
Data Integration
A fourth key area of development was in the integration of experimental highthroughput proteomics and genomics data with genome annotation data. This has resulted in a development of new integrative approaches in a general and new database system on S. oneidensis, called SODB. These approaches have been further generalized for use with multiple organisms and are currently supported by the NSF grant.
Conclusions
Analysis of high-throughput data, the annotation of hypothetical proteins and the integration of this data are key to the success of modern biology. This project has made advances by overcoming bottlenecks in these areas that are crucial to understanding the biology of organisms such as S. oneidensis, and by enhancing our ability to deduce the complex networks and pathways responsible for the function and versatility of S. oneidensis and other organisms.
